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t *m.tir&&mm<mm%L 20 

«ffiaM£ijcm^TJHK«a^«n{cs 1 mm* 

%itmm&v%*y*>?mjm^mfflmm 30 

M#a4] »*S2|^©#jfBB!«0}^*S{ci3 
Kfi^±lc|8WfeTJiBia»«:Se)«ffiK:SI l mm* 

01*35] n #s 1 mw&mmmisfimzis 40 

mmm 1 mmmzmmtz t n^\z±mmm 
m-m.Q] m^m 2 ms^mssmsm^mzn 50 



ISIBI8Pa5%aCTT»iBSIlC^1-Sgm«:l5IEll3. 

wrntm 1 fMRfcoftin-s h t*iz±mmm 
mmmmemzwm\zm*M&htz& mm 

i(ia^i«^fej:tJ ! i^3jfii^e>^>*< t%. 

l5iaB8PSiJ«:JiCTTMi3l8fC^-rsgmS:l«Sam3 



&(Dim-&£vwm<nmmz-y-'( w*-M®mz& 

[0 0 0 1] 

&mmm>$timzmz*>to'z%>z>. 

[0 0 0 2] 

©^BUSlT'li, ^©ISiSllKtt 5 jffcv *L 6 

ClheNational Technical Roadmap for Semiconducto 
rs (1994) (Semiconductor Indusutry Association) p. 
98 ) „ -Cfflfeft. 4at?fcSM. %L<B*fcy£-e> 

[0003] flts, f3ss*is:mmf b-r-s t a %tc, ls 



vTmmmw&mLtt&t§&vL\t. br©%)©© 
mxmmre&zztfr^ &m>\vmmmm 

GKT, CMPfcV^, CMPliChemical Mechanical 

[0004] m®&Mm&*tmm®<»m (n 

JKS0IBl3^«£&fc BB9CJ:oTIW!t*. 

[0005] 09© (i) ic^t«ke»ic, mm- <m 
^m) zmbtcmti i i±c«»tti i i&m 

aa»i i s^KAts. 

[0 0 0 6] (2) KjRtf-J:3C ffttt 

*!/>-TE0S-CVD*ftV»tt^3C^aK>TE 
OS-CVDSJB (TE0Sl*rh5xh*S/S/9><Z) 
(ft, CVDliChanical Vapour DepcsitirafflB&TMb^ 

«B*Rtv^) ic-tor, jjsgifiSfti i azmt 
*m^±mmmi i 2±c imni 1 4 
ts. zmmmmi i4wu itimi isi:i*i 

*. mits JJBMMKl 14 CI*. JVlMU 1 

3 ©«!^©KlffiS:^E|1-5fe«)K:»fi©lSV^TE0 

S-CVD»RW^«Vt&**#. «f*-fjrnh 

DVM (ECRi;V\3, ECRliElectron Cycrotron 
Resonance©!© CVDSfc, SOG (Spin on glass © 
ft) fBBfcJBUMVt^S. 

[0 0 0 7] gfcwc, »!t®7*huyy*?7^-Sj|f 

c«koT, tsimiish3«i^&}KAdnsii2H 

C«V%fcR«tt-f*>xy^>n:J:oT, JflSRfiMK 
1 1 4 IClftfO. 3 5 *iiaB0iMJBLl 1 5 

[0008] ■?■©& 09© (3) kswj^k, *>t 
y * y yifK .koxa^fs 1 1 6 &KAb&tL £ e>ic 

09© (4) C»+J:3IC X/Cy*U>yKJ:-,r» 
g§^©fe«)©^S©^|fe«fc^2gBi!iS:^1-Sfe«) 

C7;i/Sx?A&£liJii i zirx-. ft 

1 5©7*^* Mfeb^2@Stli<, WLl 1 5C+ 
£C£lHtfHlU ^7lS:5t»1-5feftCl*, 5 0 OXJ 

*»Ti(«BFLl l 5lcaiLatrifc36W5W:ft*. #C 

fclCfcoT, ±fBT;V$x^A*^ajfl 1 7fetf*- 
x^^LT, g»&£StfffiM©BB&S^*-:'£j&£ 
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1*5. 

[0 0 0 9] ±fH7;i/^-'5A3^£gm©rtg!HC 
1 1 lfc5 0 0T218Kilfl»LT. 7^/5x^7 A 

1 1 7 &mt& tm®&msii 1 5^©^ 

ft. WEStTO^sritU^yicioT, 8M1 1 
5 ZMl^£fo^tZ7JVS.-V2*%&}m 1 1 7 fe 
»*UTfcik *0*5OOTJ«tto2OMPafiU: 
©ifE§S§«T?7^5x^A^S»l 1 75gmi 
15©rtaHC#U£#^<fffc*VUv5. 

e^Mtca. 7;v$x^A^s©fifitc *>^*f-> 

(W) #J§V>e>*lS. *>y^>CMIftKtt. jobs 
«t-M«lli:"r*CVDaMBK:j:oT, 09*.tfO. 2 

5/tm1S:ft©LS 1©©^, g§gSrL©&#0. 3 5 /im 
SK. ItetfO. 6/*nsB*0ii<7***MiJ0WV* 

■f, SS^?LA^3ti,fc^SLh©±Blct)fcoT, 

s®o*>y;*-r>©#?:i»£b-c, gm©P^a5{C;Jf 
yyz&y?* yttww*. *wwcy *vyvm 

U Se.C7;U5x^A^|i?:^*-x>yL-r^2 
[ooii] jJBMbfcvvtfruw8SW3vvc%, IK 

m©wa^^Jiis:3^i--5i{r®tc, * u >y» 

fcttCVD«R&J8vvt, ytUT**/b*>l/<tt*IMi 

53&**5j2®#fe3. 7*5 x?.Wft&|R«: jfefttS 
KffcfeS:^t?®iaffliilSCg?bfe^tcti7^ 
^ x$£©^E **«S&ffi©ftT:WB£a. *4xS:l» 
«fcit*m**:' (TIN) «K^ei«:«^U7^« 

<Dm±*&tzMz&t**yma®%MZ]mrtz 

[0 0 12] **u 7;i/5xi>A&»fti:1-SBKI©x 
hnv-f ^l/-J/a>»f£S:^LhS-es^©-o 

U 7;i/5 x-?A«fc y =feaS©^:^«^S:M^.W 
0. 5y^S^-tf7^5X^AS^PifeffiV^Sfia®*^I 
e>tiTV\4„ S-?{CJ:S7;i/5x^A©iS5Lli, 7;i/5 

U xi/jrhnT-fyi/-S/3>8Bit:i8ibK:<<f 
[0013] ZZX-0. 2 5Aimtftf^©LSIlC*fJ3JL/ 



(4) 9-3 0 69 8 8 

5 6 

«B!t«. 0.2 5 /tm-tttf^T'fi. 1 [0 0 17] fcweHl 00(3) KwrtiiJC ±fB 

0 . 6 n m, SSBaflR* 0.35m mS£®4BfilC& hR2 1 7 fftfl/^X h&2 2 0 

»J, 1X105 A/cm2 ©UiBfJBCltfitasJWitfa aWliK:*oT}R«U 7*hUVy57Y-iSJBCj: 

fcfcK 3e>fC miB«:0. 1 8/imi&^lC*fj5UfcL ot, £lB3S2 1 3 fc8ttfcR«*&fflmc||naS2 

S I T'Mu nRBCDlBH<D»i«%i#««i>&-f . ffiJBft 2 1 ftftft*«. -t bT, *<D l/S?X hR2 2 0 &xy 

mm iBfef&®jnfr&, miz>jps&*<u sas *:/^**(^^fcxy*:/irtc.fcoT*iB9i2i 

iz^xmstizmmmmmmzmz-tz smmt&tx. ^v?y>f&itmm2 1 5fc«fctf 

SfciftBW:**. bfctfoT, IBI!8(7)eW(«:3 JHOttMJU 1 4 &x«/^>?"bTgm2 2 2 

/ha<a-exxi/irhn , r-fi' , i/-i/a>iHtft«Lha -rs. ±Bu^Mi2 2 0ftijjac"ts. 

t)L<ttxi/^hnT>fyu-*/3^iiBtt{cfl io [0018] &w?hio«> (4) ic^-tieifc, cv 

ftfettftfeSUa bfroI8*DiSffi&ffi«3-&5 ZttfM. DSKioT, lB®ii^5'<t«B2 2 3 fcJHQMMJte 

1 4»&ssniaaNR2 1 eajrefcg&sjrefc «r 

[ooi4] te^y/u^=.9A«Wci:1-*a»W ittfi. SumfflJPSCJMwa. 

K*fbT, fitt#*HB<*oxHr r-DV-f *V-S/a [0 0 19] -tfflfc. ^HS:ff®1-5<0tCiabfd!^T* 

>iHtt{Cffittfe«gS:ia«*m^bT«Vx5m!l^e$ CDCMP&tBlCfcoT, «2 1 9©ftaSfc£tfgm2 

*lTV>S. «gliil?V^UE(^t^ 2 20|^iJK^SnT^^S^^i^D9^^iB2 2 3 

«3WB*anc<v*«>, a»a)£asf£-f*i'xy^>' «cfcoTB*rs. *©jsi& hi 00 (5) K^t 

y\Z£vXm&W-y*mfclTZ>Z.h\t!mfcZ-SbZ>G> .k^lC ftm2 2 2®AflK:i6R7?^2.2 4&g 

T% ^MfflCMP^S:^£bfciI«Wi*iSSe^S fifc-rSili:*ilCi£2 1 9©|»3S2BiJ&§l2 2 

*a*iTn*. l/Ctt. TJfcDI»e> 20 1--S. 

<D«i^9yft»aLfcft imsdti)&*«fe£Hi [0 0 2 0] ±iaiwjT-ti. *?»2i3»2 2 5 
«bs&tiiRSfi««mri^^^nxfr^««^ zowcii. k 2 1 9 wu ^^^22 

w®nomezm\zi:^xi&mz>. v vt>«>§, far 4 ^«t^iga2 2 2 txy*.v$rts«t:BWi 

(Dusl Damascene® CVMIC Conference bfctf, dtl5>S:a»CD|(Hl?^^r-S^*^SSn"C 

(1991)Carter W.Kaante et.al.pl44 ] ICoWt, 01 W&. 

OtCfcoTSffi-rs. [0 0 2 1] 

[001 5] mi o<d (i) {c^t<ke>{c [^*^b«fce>i:i-si5®] o. 1 &nmimm 
2 1 i_kic«tMK2 1 2.mm.^ a ©sls i eewci*. wmwto. 1 8 #mttfw 

JR2 12±lcaffliSK21S]BI9SttSnTV^. TE ItO. 2 2 jam, 0. 1 3 jtnL&ft7H:0. 15/*mjg 

OS&©CVD^±^i&EB2g&ffl!fcJ:oT, ±E<Z)«fc 30 S Cine National Technical Roadmap for Semiconduct 

3&¥$ft&K2 1 11C, \t\t>yp£*f J rvzfy<()l (Ga ors (1994) Semiconductor Indusutry Associaticm.p. 98 

pFiii) Mm&*Tjmmm&MMtit*t»*5K ] tmataM. wmmvtmtbxit. 

Ir&fctoMmmzVmir&n CMPCD«fce>& 0. l8/im1fi:ftT*fcl:0. 2 9Q//tmJ«T> 0. 1 3 

mm 1 4±icx-v^>^ifc»^S2 1 5 »fe m#X'\t7)i$-ymw%MtfM?t&i^^fci& 

ft. S&l^iinRWWR2l6«»»r£. -tbTJBB »«cD«HiWftSl»»^ 

Wm2 1 4tt. £1»I2 l 3±aB>IIHmsl#N fc«fc57;i/$x^Ajg^<DtSSL*Wzi»J, 

j£t§. 40 a. v*U»fi, xl/irhnv-fyi/-J/a>iaai&Sffi 

[ooi6] *we, ®io© (2) caw-j^c a -tzztfrt,, n\,\®mxmi$:mtz.£\ix-gt£^£ 

2;^HK2 17fe3»*bfc«. 7*hUyy97-f-a [0 0 2 2] *£, 7;i^x?A£#fti:U T/l/3- 

ffiJCfc oT, BS»SJ8faW<a«KJ:ffl MR2 l y tiffftO^:»44l&M7t.ti 0.5 %S^tf7 

7{CgSCJaP2 1 8&^1--5. ^bT, iOl/^hK )l5,-Vl±&£m$:M&lzm^t=.&£lZ\t. m®&4* 

2 1 7 *3L»j=f-y>r?*>;\zm^tc.3Lyi-y>?\z^ yjLv*yy<m&XB&\Mi^mi&%&t LX%W% 
T, «|CDl*Si:bTiE«i:aftfifiJ:*0. 6/tiai «6^fflltr*fe4. S^fCT^^x^© 

ficDg?$©?t2 1 9 *mm(mm2 1 6 tcjg^i-s. »aiw^H^o*ii8BciH«^^** i^jw»b 

3©x>y^>^T?}±. xy^>jr#jMMH!t2 l 5ic«J: <, fif§S:0. 5%JaJ:m^l^1■•^>ril^iSlii:^&oTv^ 
oTX'V^>ir^ihSn-5. 50 5 0 



(5) 



[0 0 2 3] *>$r*?>79*fci»fc***a 

**. rawia>jtm8#ft<&y. *-> 

1*0. 20/tm, 7*** hJtfcUggfcfcSfeft, V* 
rtj tdKOTft tAKf 10 

5. 3ftBjttHW«^ft<ft«S2:ca!*«> , C, fit 
«HBCi:oTPWBC**. 

[0 0 2 4] $&fc 7;i/^ -v&zfmtt&mm 

[0 0 2 5] HllOI/-f7«rhHKa%1-J:5 

X9ft3ft«fl*2RKl 1 7 il&gggrtSfefttC m» 
MK 0B5m) .(CtttBJBLl l 5jWK«S*i6. 3© 

1 1 5 zmto&tiimKiaffi 2 gat 1 1 7 1» 

/dltsicfcfc, jMft&i 1 5 fc«D*fclHr»u*«**oT 
*2Btftl l 7o*%8^«4tetffc«. tfcfct* 
Ml 1 5±©^2SBIiSl 1 7©flwl li^trBrfn 
;^d&£ftfe«8 (Hirett, /mfod/2©**)* 

tlttBBWSD d / 2 fflfi^ttjK < * 

•sriUcfc-scD-e, a^cfcoTWIWfcfc*. 30 

[0026] ±m7=L7)\s#^yymv& 5fec. 
m.htz.mmzwaxmm.t. ti«wt 

tSiillCfty, 2§^y*:/#lSftBWCfc*. 40 

b^%20B©x^^i/yism a*, wti/ya 

xv*>^n**j*WBc&*. Hfcb 

£ft (Mittfxy^ytf*, 7"5:*v«#^) 5:305 
UfetttUtffc&fcK Hgtfjtcfct, 30OX 

[0 0 2 7] *fefifefe3D-ra7;i/^VS/>ttT?^ 01 

2© (i) {cjjvr«k^c i/j;xhK2 2 0tci/i;^h so 
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2 2 1 toBtitt* U -XBBCJSVNT, 
82 19 tcMLT US?* hBBPS52 2 1 ^t)-fr-ftle 
ft4Cfe«^Ctt. ±ei/J?*MR2 2 0fcv 

afCbfcxs/^/irtcioT, ±El/S7*MBP»2 
2 1 H^«racj^£ft*S*BL2 2 2 B3&2 1 

[0 0 2 8] "taMa-b. 012® (2) ®0nSBH3J:tf 
(3) ©W7? hSlC^ti^lC 8S219fc*H/t 

ms&2 2 2.tfiem-rtitz.&mz.i&f8 l zh&. *©& 

i®gm2 2 2{C^fiZStlSg58il^5y2 2 4 

W2 2 2«w&fiicMart«fli2Kaj2 2 5 

(225b) hOTfsEi s ittt-f titz&mmim * y % 

K<ft«. PBISrail|lsS5|fiitSJ:e>K:m2iB 
J»2 2 5 (2 2 5 a, 2 2 5b) S^^StCli, £fr 
i±~ftle©4)-^^2iffi»2 2 5 ($2 1 9 ) H±OR8 
!£!g2@Bf«2 2 5 0t2 19) &J&$b 

[0029] 

&J£fifcbfe&, £C>m**HJUy%xy*>*3tfl6* 

»v«2iaj«ftiiiiHji!u«w*3ai«f^. 

mmv:Mn®z]m?&3Mznt>. $wr, mam 
i^3aae«v^3aawft«*twDB«Ji. se>ic 

^ajewLfcaww-siHttfi. w 

[0030] ±ia#ssa«©^^-eti, mitiz® 
3.©m i «aiiiB!<fc y%x>y^> ^j$sa^iv ^ 2 m 

ta^*aMJ^2iB«B=iip»t»wrt-*. * 

<m, Mnm±&£tfm2mm±£z.m2mm& 
»j%ixy^>jG««^v^3ajajKe»abTv*a. 

-e©fc«), xy^>^J:oT|53aajaBCtt&JB*b 

fclg. ZL©^CWg^i^2i|iSJ!iKC«J:oT^lh3tl5o 
3e>Ex>y^>ySiia)Si;. m2Si8ii!l}ix>v^>y 

T^jrtcfty, «2«aaiKaB«bfeBipan f ffl»i» 
*2«afflt^i«««J:y*3 : '!'*>i'5aK 

A^ivxfeft, ^3iiifiigiKlcJ!?«3nfc8l^>iliy±^^ 
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[0 0 3 13 mtMBc*g&B£&&«aK> 

&m,*m.LT^fowz\ mawmi aomit 10 

jmnbbbc T*5®g©i^&«^if3ws3i:ff& 

[0 0 3 2] 

fc2«i3lf^©}Bfi^&^bfe. 20 

C0033] mm&awmfr m?®m 

$$*ifc&£ COT, *»MHR4:^) 1 l±C T 

wmi 2 iMsrmwmi 2&. tg&o. 

vy??* H^fcxy*>*£8tfctcJ:*WWa>* 

[0 0 3 4] *vv& ±12¥&ftg&l 1±IC±IHTM 
IS® 1 2 Sgdlf! 1 1 3 Wt5. 30 
±IBSfSliffiiiffi|13tt, CVD8»U:oT«ttaM:5/ 

ya> (sio 2 >--e«*3*i*. *lt, £iffifflg 

1314. MUIBMU3«MfcWffibfcftCTJnE 

111 2 h^tiA^J^1-S±M@5®ii<0iB^f^&b^ 
+£lCffi<fcSJ£3i;fc5, ffilAtf 6 0 0 nmggfcSS 

(lUH CMP) iCfcoT, $l«fiiail3©^ffiS: 
TOfcbTfc, TJR9ll2±0>£lilMI!I13i*6O 

[0 0 3 5] fcyvfc glfMffil 3±IC$2i}SiaSl 40 
4&±§»3i£5 0 3©3S2i|ifi*iBll4fct, £lftfiNi£l 
8ftx**:/ar*sBfc. fflMHEl SKfljRLTx 
y^WMBSiH^havv. tfctoMSUMKls 

y (S i 3 N 4 ) *StMtittfr&&U. fl*.tf2 0 n 

I*. flfllfillKl3S:xv^>irbfelBBC «BbTV* 

SS&2iJ8i^ESaj:3tCfK&$*l5 0 «*.«. 
vMro-f*y (C 4 F 8 ) ffli^adfflb^ya^W* 
bT!HS^y3>fcj»R»K:xy*-2/jrrs:tf:*fc8^ 50 



ifc6«llBBill3«:x^>y«»&"CI*. «fcS/ 

u a>c*W6fiHbs/u ^yfrbtezmwm 1 4 © 

xy*-;/03W«ttt3 06aKfcS3i:#&, J&2» 
Hi 4 1*2 0 nm®J?£ICR£3ft*. 
[00 3 6] fOftHl® (2) 125*** 3 C ^Jj& 

©gm*^$nsmh©±isb^ his 1 5 t u 
tfahwnsieeBW*. aftvc±Bi/s7*i»Ri 

5ftxy^>{T7^{rkLT«V^fcfiatt-f*>xyf- 
>4rtC«fcoT, JJ3R2fMKl4lCBRnfltl7tiKft 

(CHF3) ©i^«^fbi/U3>S:X»;^>yfS^ 

[0 0 3 7] IftvtBlO (3) |25??J:3IC. CVD 

r^2|8Wll4J:y*x»^>iaffleSi9tv4l3|8 
MRi 8fcbT, 4fttt±S9BllBilKl SfcHttODK 

5£S (ftRtf. 6 0 0nmgg©Jifc*) fC*(gffrt5. 
[0 0 3 8] ftWCHl® (4) I25%1-J:dic. ^flSS 

*»=j:ot i/s?* hri 9 fc££b&ft. y vv^va 

SfSi&fc©±fB I/S>* MS 1 9 K . l/S?X h^PSU 2 0 £ 

^Xy^^^tCiot, ±Eg3|HMtl 81CSI2 1 
(2 1a, 2 1b) £j&fctS= 30812 1 btt±IBgg 

9*-7Mrxi-f9y (C4 Fa) aj^feSfbi/ys:/ 
cafbTSHfcS'y 3>«MWtcxv^{rr*^fe 

Tfrofc. abicjjaxy^^^jitoT, BipaJi7 
^yffitawxi 3&xy^>iO/rFiHBBi 2icm 

■fSg§I^L2 2S:^^tS. 3©t^, H2«j^l4 
JWI 1 $8^ffiEl 3 J: »J %ixy^>i^lflB6iH-fl1c3ivMi 

fts/y3>TSBrta*iTv\6fe«>. $2»®^i;i4ttx 

y^>i^7'^i'©#fflS:J5:'r. S2J5fSfi^;i 
4±lCJ^atlfe«2 1li, m&JXM<&ZZil\3. 

[0 0 3 9] 9CV\7*H2CD (1) tC^-fA^tC CVD 
SlCkoT, ±|^S^fL2 2feirJ f ±IB«2 1©«-rtBP 
«HbiMJti:%iC gsiMNRl 8±©±®i 8uS: 
SASlf$fC«;S*-^m^2 3 f^BfttS. 3©^« 

[0 0 4 0] -£©&Pfitt8fi5i:LT. m«CMPlC 
*oT, S35SSP^eW©^mft2 3, -r^to%^3» 
mi 8±©&m#2 3S:5S£lC|&£bT, 02© (2) 
tCa^l- J: (C g^?L 2 2 ©^ICgg^^ ^244^ 



(7) 
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&t&tt%\zm2 1<Dftmz±mm2S (2 5 a, 
2 5 b). *LT±!Egm2 2\i±MEM2 

10-i«i•{Cg5g^bTV^Sii:A^e), 3©±®IB!&2 5 
b©-a«5-lj^^5y2 4lCgSgi$*l,5. bfetfo 
T, «t7**2 4ICJ:oT, ±Jil5iS2 5btT®iB 

coo4i] jjamnamrea. 2Jhb&8«£I©^ 

fiWffi^bfc^ 31Rfc©ISi§^&?&fifc*S#£ 
fcii, J&iJinifcTJnBKfcl/C, xlBtftHibfe© 
fcH8$©:/niz*&fT;t««fcK 10 
[0 04 2] *£JA9mffc2 3tt. CVDlCkctil 

«K/fcl!iciBftS4x*::fcttfc<, «iB8W#ffi<xu 

<(f0^4^2>Se>{CU ±13ftlttiK£>&J:t»|!3Mi 

ttMJK, Bv*K:xy*>iraH^*<J»*IBf« . 
■cawxtf. J£3tmKM£ft«::fctt&V\ mil 

&m (C) ISf-5r&tHSSI^milbT, £«SOG 
(S§®$e=3. 0~3. 5) , jK'MSK (fSS^s 
= 3. 0~3. 5) , KyJl/tWff-V 0M9 «** 
2. 6) , «y,rC9*5/Ul/> (f&SS?Ss*r2. 4) « 

*a<I©£WS&teTS-&-5£fcT?, j^^&ol 

[0044] e>tc±ia««K®fiaKSffiii, ±ia 

[0 045] ±ia^i|^Sl-esiraLfe#»iB!il©^ 
jaasret*. ¥£#sis 1 1 ±m»tcTJgm 1 2 & 40 

K3#MtfftllMi(l3fcJ&*U *6K3«>»H6 
«R13 *U«xy?>?3iaMvtt2INmi4fc 
ftffttMCJ&ftUfcft. T»SBI«12{oiCSgm«: 

jm.*zmLt<m2n®mi 4 oipff 1 7 mm 

«. *©& MP»17±fiJ:ini2il8i«14±lcr 
©*2|Bi«14J:ytiXy^>inMB^^3|Hi 

flKl 3 ^2IHWl 4Ka*bTxy^>iGHRIS*l« 
£*v-S. 5( 
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[0 0 4 6] LfetfoT, XyfC/iflCJioTRStti 
Rl 8fC&2 1 ftffilftLfcik £©&2 I©7i5(£(i|g2 
«SliRl4k:J:oT^±Sll5. Sfefcxv^yfeJI 

a**, »2i«wi4i*xvf->irr^cfty, * 
2«aili 1 4 oKAbfeHnff 1 7 yam 1 ftSKiSI 1 3 

*«x»f->irs*U *££&Kfi.2 2jn8ft£*lft. 3 
Ott, IV2tHWl4UJIIlMilll3J:y%iXy^ 
>WUW»teft. »3|MWll 8tcj&«34xfcSt2 

*otcj: 9T&2 1 i:jgg0L2 2 tmmzix&. * 

®B. «llBB©xv^>^ttlll2«aWl4t:xv 

f->^U gS2El<0x>y^;/^ttHa©W-ej^ 
S*lS&l«Si&ll 3 2:«3|HNI1 8 £*x.y*yy 

■j-s. *©&», *n*ncDxy^>y^n-fe^jmnni 

WC»2IBH<!>xy^>irTftt. 2jf©$SAiS 
(Witffltfti 3 fcS£3i{g!il8li 8) ©x**5/*fcff 
i jW. H-x«/f->y*ffT?fiDx«v.^>y*^ri6T?fc 
5. 

[0 0 4 7] |*2 1fej»W**X*, #<J&Jfc 

x**«*2»i«i4t:Bftvc, mimmi3\zm 

g&l 8CB*BW#MM*£eXVtfcV*fe^ SS2 

1 Wl 2 2 ^Mti feti>© U HBJB 

tt. T$!uag©!^&&£^gttS£fc#fc^©x\ 

[0 0 4 8] *JL JJBKimttKMb&J:) 
tc mtHMi3tiM*mtufe*6lctt. ^ 2 

iMHXl4ICHnffl7ft}»ftbT i b. &2«SaR14 
ffl*BPM*V* (|jUi 2 0nm) ©7, Sg3«aSKl 
8©£®liJflS¥ffi&^KJf^2ftS. 8f 

2 l^g$SJL2 2CD^*-x>yft«6lC||*BtK<J , 5 
££*t»rtlK:fcS. **U*. 812 1^2 2 fcffi* 

i/s?x mii 9*«pa^3»e^i 8±ic 

l/j;^ bBSPS2 0*^(fS*^ffi»^K:^ 
Z. £tM&\ZtjiZ<DX\ \/V7s VfflM 2 0 Mff 
a*lTJ»«S*l*i»2 1 fe±D^?L2 2 4EiWKR>o 
(flUtUi 0. 1 8/xm1£f^LS IKftfS-T 

[0 04 9] *fe, &l$filS!ffill3ttm75^24© 

2 5©Ka»Ha+**:SK}»«a*vtv^. ^©fe 

«>. ±JHBl!S2 5©llfSli^3$^18©^S{C<}:o 

T«tan. g^^7y2 4©igstt^i^e^Ki3© 

«fctJ5gm^7 ^2 4 ©WS liSftSJ: < 3fto?WHt* < 
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[0 0 5 0] £P,IC B2 ItmmiZ 2 tliH-VT. 

* (i^j;^mp»2 0ttR«bfei/s;^Mti9) * 

Bv*feX"y*:/yicj:oT»fcSft*ffl-e, mtt«« 

CioTattSft. M2 2®JBATttJI»*St?& 

[0 0 5 1] &&, J4»l*GM0HllC£Vvr. ^3$fi 

&2 2 ttKfifctSSteEtt, B2 1 *«W*/Cjt-> 

m t: Uphill 9 OftftbT, »3tBMKl8£J: 
IflglttMtl 3®xy*:/$rfctJ;ttf J:v\ 
[0 0 5 2] McJJBftl JBBRflKc&vvr. « 2 1 
(2 1 b) fcgm2 2£0#bWuft»«JloT:: 

<Dim!l2 2 £jgfi£tS§£t£ffi£, 03fe«fcOT4iC 
J:oTttB+6. 

[0 0 5 3] H3K3**-J:3lC. MOB 10 (2) 
oTWHbfclin»l 7&JR2IB1R1 QVLimtm 

ic ±m§2 5 (2 ( ^we^tau^) ©SBii^i: 
■arr «awici3&* j«n« 1 7 ©<s a «. etr© 

0. 1 /im~0. 2*4mggn?&5) fc^&bT. HP 
»17tt. '>fc<fc%w+2d<afc5B5$fcW£t£ 

j^WRIW*. ligm 2 2 (omfffietc^ 
l-S^rtr&Tn^S (d>afcrtt-«i*) fc*u wli 
±JBBII2 *^%£IKftK:ifcljnBII2 5# 

^£hS£fcK&^2iaffti**-. o. 

3 5 nmJV—JVT*\t, w=0. 3 5ittm, d = 0. 15 
it mt bxmm 1 7 CD±JBBM2lCftt«^ma)M a 
ammZXtoZL, 0. 6 5<afcSBS&*iaj£* 

*itf«fcv>. bfe#oT. «2i©iatfifiic*fbTB§paj 
1 7©«tMireo. 1 5 MmjKWfttf-^-e&s. 
[00 543 ±jnBM0BMarnictt. *to*r 

W«M^2 2fflTf«ttWh«i:UTJ:V^ &£. ± 

1 4 tfiM Ksv^>jrati««^fctt. £®iM Kx 
V*>#ftt*bSlVvc±JB&*>WuM&d fcfcgf 

[0 0 5 5] JJi!OJ:^**mcj:oTMP»17S» 
J*bfc«L Sffllffl (3) fcitf (4) TfWSLfc® 
tB&CbT, 812 1, «M9L2 2««»ftt«. 04 
tt. »2ii:«SBBL2 2i:«»«bfcfttlfcRbTfi 
*J, (1) BTBWTfhB. (2) »A-A«S»f® 
R. (3) ttB-BJKWfiiElfcSs-f. 

[0 0 5 6] H4t;31\fc-Mc, MPSiJi 7f±±MSaS 

tiiBbfeTttfrCfltoSlVtVvB. g§S8L2 2 
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912 1 WtSEt«*Wa>ll2l8iKl 4K3tafr&fcyve 

t±jgmm®&tite>m2 1 ^liii-^** (us; 

*, JJBB«K«W-ft»Wao» 2 1 ®ffw d hgm 

2 2<o|Iwhfctt§a§l£WlcfiIDlc&.5. ±M 

mmm&zn&m2 i0nittnc&ttftMn«i n 

T?, gm2 20f2IH^7?^StlTV\5. >©fe 

a, m2 2<mm5mm h«. ^2^e^Ki4 

7©i|SbA^E^S4x«. 
[0 0 5 7] ±«»W!bfeJ:3C SBPiSl 7 
■fruMRft*ttbT»jW-«ri:lcJ:U, &ML2 2IC 
JS*a*l««l^^y 2 4 fc±JilBi«2 5 h©g§&W 
AfflMteti*. t3fc#lc||§P8|U7&£fcimi&®£ 
«ttbfev^TSB*bfe«*Ctt. 05lc^t«fe-5tC SI 
2 1 fC*fbTgm2 2tf e grmifcttttEJRJtS 

20 ft, «ucj:oT, :©W2 2\zmf&Zi\zmi7 

5^2 4 fcftl 9 &M£ft«±JHSI2 5 
«». JJWvfc^3KW«IHIJ:y%i/h«<«s*. bfe 
#oT, S5K^5y2 4il±MiiBI«2 5il0g§M^ 

*»b*#&, ±IB©±e>KWPSSl7&£fcrtmv&® 

30 [00 5 8] £Z.Zt>\ 06tC^-f«ke)JC, I2ft±, ± 
JS@B&S 2 5 *m©IBWi s "e^ilclBKS *«^tc 
11 MPg|517<©i(Sali±^5!«2 5©fBiiaii5sS:# 

±®13!»2 5(CRSRSP1 7^3f-A5>y^b«;vxJ:e) 
IC JJBB»2 5^bTllSW**l<W>ilP»17© 
«attWrt«ICtt,'w+2d<a<w+2a-2dft 
*BMM:!Wlt*U<J:v\ 33^dt4±MMS2 5 ($ 
SSL 2 2 0Df2fH£Blc*f1-s^t)iii*ti^ 
(d>^t)-&Ttlfi) ft*U w{±±M@E$I2 50(@ 

40 (^®«nc±^f3ii2 simai&t&B2 1 ©n^n 
-) nis, 2Mms^tm\t±mm2 5 

[0 0 5 9] bfc#oT, ±JBWI2 53WB***l«» 

2 10|2fiiI®C*fbTMRa$l 7«DWaId^r-fltre (w+ 
2d) /2«fey^t< (w+2s-2d) /2*»J/hS 

0. 3 5 /unUl'-^Tfl*, w=0. 3 5 Mm, s = 0. 

3 5 /tm. d = 0. 15Amilb-C, SBRSPl 703{ia 
0. 6 5<a<0. 7 B385*BM»fciiai" 

50 ft««fcV\ LfctfoT, *2 1fflB»HIE»bTW^ 
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17©«4#jn?0. 1 5tfm<fcy*t<0. 2/tmJ: 

[0 0 6 0] £fi07Cj*1-J:-MC Kft±, 
2 5«W3tOBII«ai|sTJ^B»«nTV^. *L 
TWL2 2#±JBSW2 5K«S«tft*KmcB»LT 
J&ftSJV&VftlCti. 3®^JL2 2©4@att^fc-rr 

s«2 5 (m-mmtfDmfrz&feztiZTind izml 

T. d a<p< s -d afc5&£S£ii£-rS£fcWx 

*lg&d afcLTV^. 
[006 1] LtifoT, IMS 1 7fflRfH|a b CM 
bTgBPi517(7){@ali^in?da/2«fcy^< (s 
-d a) /2«kU/J^V^-&i , ti^S©i)-eWJ£lfS 

[0 0 6 2] ±i2®7{C±oT!BWbfegm2 

[0 0 6 3] #38)i©ai2£»|&©-^&08 
©SSHMCfcoTSlHll**. B8T!tt. SSMlMiao 
MWRfcUT, 7-smMrtM3»fbfU3> OBIT, WC7 

vwr'tm (si of) i:v>e>] $©, ^wuss 
[0 0 6 4] mmi\z&K>Tm%Lr=.<Dtmm>j5& 

Ciot, 08© (l) to*1\k-)lc, ¥$flE&£i-i 
±tCTJSIB3iil 2&KAU *v^*«#aSKl l±Ci 

±ibtm@bi«i 2«sdftiiMKi s*. *7yfts/ 

«J3> (SiOF) THAI'S. *©gtCMP©.J:e>fc 
TOfcMCioT, £©|Uif8itiill3©£ffiS:¥S 

TBIBI& 1 2 Zft*^^5±JgI^©I3i^R3 
«WH^ffi<fc««ttfe 0 0 nmgg©JfiSK:fl£ 
*WC, mttmi3±IC£2|fiiKl 

4&«s3it^ 0 3<Dm2^aitKi4ii, mimmi 

3> (S is N 4 ) 09J:^ttNWm^&&U. xy* 
>$0C J: oTlS 1 iHSIHg 1 3 cmfL&Bftl/felRCl! 
2|M«14jrai*J:dJC, ff;tl£2 0 nmSSOjf S 

[0 0 6 5] Ifeff, Uyy*?*-, xy*> 

y*0»«CJ:oT, ±e»2tfiWRl4(CHBP«17 
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ttBStt*. S^T. Unasi 7±fe<fcO J SI2$SglKl 
4±IC- 3©»2«l«14J:y*iXv^>iGM6W- 
^K3Lv^|l3ttHDti SLLX. fl*tiUbBftiafiWR 

BSD t, J^SSSSSraaatfPS^I'Sfeibfc^i: 

(Wttf. 6 00nmjflg<&J?3) feel- 
's. *we, ttff. >Jyy57^- x«yf>^0DK 
WCfcoT, ±f2SS3i?fiii8ll8Cit2 1 (2 1a, 2 
1 b) ZLZ1T?WU £2 1 b©H»fltMlP 

10 91 7±|CJ&£3*15, $e>C±E3:>y^>^?:3i«) 
T, BBP»17J:y»HttWl3ftxy^>ybTT 
SBSil 2 Kjt-TSgm2 2 
[0 0 6 6] *©&, B&HrcatifffWJftrtflim 
(«*.«. ®ECVDffi) ICfcoT, ±IB8£2 1 fc±E 
gm2 2il©=g-^gfi«ktfSl3Sft®lll 8±C Vy 

m (f> <oj:^«m&^s«ftj:)3e»iutfta3«: 

V*!4|MR3 ltdBiW*. i©^4i{fi^ll3 Hi 
WUSWfcS/ya:/ (Si 0 2 ) *6ftS. 
[0 0 6 7] &wexy?/1y?ICJ:-»T* ±IBH4»fi 
20 JHR3 1 fcJfc&ttxy^iTUT, 08© (2) fCatt 
- «te>lC £2 l&Z&mS&Z 2©««tCfCCD*SMb 
>>>J 3>jb>e>fc5-!M K9*-MMW13 2 
5. 3.©i:£©x>y?vK»/£i:l/a±, atS©g§$?L© 
• |f8PCMV^*l5JSm&i«^xy^>^&*lt£. if 
©J^fcxv^^fcoTfciK ZtiDXBCJ:? 

x. m2i<Dfmm4fflma 1 t^i:sm2 2 

[0 0 6 8] &WZ?08© (3) IS5ft-J:3tC. CVD 
ttE*oT, ±|^m2 2feitJ t ±ISi2 l©#rtiJ 
30 &3S8«i&l 8±©±ffil8uS 

ffiA5H53C«:5*T*^«^2 3 &fe&f&. 3.©3g« 
ffc2 3B3gfr£fc5. 

[0 0 6 9] ^fflftTOfctHSfcl/C. HfctfCMPC 
ioT, SKStS15^£iyW)^«fr2 3. -tfeb*)^3i|ie^ 
Kl8±fflWi*2 3ftft^CB!acbT, 08© (4) 
{C^1-«fce>C gm2 2©^asCg^^7^2 4S:^ 
^1-5^^*1^2 l©flgMC±JIiiB&a2 5 (2 5 a, 
2 5 b) ?:J^1-S 0 *LT±fBgm2 2fcLhfBiS2 

lffl-»dW(Sl*bTV\*Si:*»6, r©±JSI^§2 5 
40 b©-ffl5^-ld^^5y2 4tCg§^$nS. bfe#o 
T, mr/?^2 4ICJ:oT. ±BiB882 5 b ilTJUl 

mi 2fc38^sn*#m«w*w**i«. 

[0070] J33£li|iegygl3fc<ktf&3if8il§l£l 8 

(SS®?5e = 3. 2~3. 7) *±E»1 W^lST-tli 

(F) tattDtfejK'J-f^K ««»« 4 '2. 7) , d< 

1) Cf^StlSa^©7<y^fii, 7yftjKUrU^/ 
50 x— r)V (SH3Se=2. 6) , iMh«v7©«fce>'5$l 
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jt*tio>KUT- (sim^s=2. i) &D?vm 
(f) *&wmmm*, zo^^y^m <f) 

fcS. LfeffoT, iM K*jt-/WlMHl3 2tt. r® 

smizwzmtm («*.«? v*. £® 

IW.HLhBUfc«ft:S/U3>©«BCtt. «tttWbi>y 

ax a^s/ua>«DiBMm^n-«£2:^ io 

[0 0 7 l] ±BK2|IGMBBIB»c&v^T%k ItJfMb 
fcOfcWttCLT, BBPSl 7 S:^gL2 2 i:<D^t>-& 

■fhaft»t«ibT, Jjn9i2 50ni£n2:it3Et 

to o 7 2] is^mzmmmom^m^t, mem 
tt^iz. -mizmx&z&mm&zm 1 mm 1 20 

3 £J:Z)W3iBMRl SKaWtSSfcjtfsSIBCfc*. 
•MU4. if 2 1 2©5IBBC1M' Ktf* 

-^M3 2 &j&fcbfc©i?, ±SiBSS2 5 fiitfg 
4 fcglttKl 3£J:C«3tBMRl 8 il 

frfr-r K**-;i4fiBiR3 2icj:oTBBfta*iafcft'e 
&s. -tots*. emmitt>ic«iiLt£7v« (f> © 

k .- ■ 

fO 0 7 3] *fc. ±Kft23aigHrett. TM11 30 

2 H9MfflR&jBt*fij*iiMRi 3 t(Dm&m< 

I0074] 

m^M2fflmzwffit8.Lm. TJimcacftft 

ffi&zm#&m±<m2immzmammr? 40 

«. NOiLIJ3J:aK2tMlllhlcra>fll2IB 

i&bfci& z<mmmt%2mm\z£ox&±'e 

*6Cx v ^>y«Ub«i:, H2«Mlll^x^ 
>^X^t«!oTWP»T©»HfilWtxyf->y 
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xyf^^wu mtMlltfcffsifiMUifcxy?:/ 

^i«^^3i|^fc»BS®WT?^ 
jW*£fc*Wlfcfc0*l^xy*>i^Txy*:/ 

CO 0 7 5] *fe.' miOM^ftttS&fc&ft** 



[01] *»^m)S0i^^s®s£n^®T& 

[02] mjiKMomcss ens) 

[03] tfrttft^zi&vmnmmsfimDWi 

[04] ^-arfti^S^^bfcgggaFL^fiX^ffi® 



[05] M>^n^z%fcisfo^<»wmm% 

[06] HnflTOW79MBiZ>MI&OT&*. 
[07] HparaWTtfhWfflWJfflTC**. 



[09] ti^i^Ms^om^tc^fcsssri^ia 
-e&s. 

[01 0] fie*®f i 3.T;V^'7S/>?£C«}:5SSSi3^0 

[01 1] IW*flWW-*i/-f79hBrrf**. 

[01 2] 8^xa7;i/*v$/>8K^£lB&©l& 

^0-e&*. 

11 12 TSIBfi 13 gift 
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The etching of low-k Films 
- The keys to the application of organic films in Cu 
damascene structures ar resistance to heating and to 0 2 - 

plasma - 



The inter-layer insulating film of the Cu-damascene 
wiring for the 0.18-um process was originally of Si0 2 . 
Inorganic low-k films including FSG and HSQ that have k 
values of around 3.0 have been adopted as a second 
generation. Low-k films that have k values of around 2.5 
are appearing as a third generation. In particular, 
organic films will be applied in low-k films that have k 
values of around 2.5. 

The etching of organic films may present new problems. 
Innovative approaches in terms of processes, equipment, and 
etching gas will be required. 



For reduced costs, the dual-damascene process has been 
adopted for Cu wiring. In the dual -damascene process, the 
wiring trenches and wiring via holes are formed in a single 
step. The flows of forming trenches and then via holes, of 
forming via holes and then trenches, and of simultaneously 
forming a trench and a via hole in a self-aligned manner 
are the possible dual damascene process flows. Among those 
flows, the flow of forming via holes and then trenches 
presents a simpler method than the opposite flow because it 
involves etching with low aspect ratios. However, this 
flow provides narrower margins for lithography, and may 
lead to misalignments between trenches and via holes. 

A flow in which trenches and via holes are 
simultaneously formed in a self-aligned manner is effective 
as a way of avoiding misalignment between trenches and via 
holes (figure 1) . Preparing the pattern of via holes in 
the film used as a stopper in trench formation enables the 
simultaneous formation of trenches and via holes. In 
addition, lithography on a comparatively flat surface 
prevents misalignment. However, since the aspect ratio of 



- 1 - 



etching is higher and the area etched is greatly smaller 
for via holes than for trenches, radical incidence into 
via holes is difficult. A self -aligned flow holds promise 
for the 0.18-uni and later generations because of the 
problem of margins for lithography. 

When a low-k film is adopted for the flow of forming a 
dual -damascene structure, the above problem is made more 
complicated and various restrictions apply. 

The etching properties of individual low-k films 

What are the problems that arise when a low-k film is 
adopted for the flow of forming a dual-damascene structure? 
Problems in the etching of individual low-k films are 
described below. Many kinds of low-k films are currently 
being researched. In terms of their etching properties, 
low-k films are mainly classified as inorganic films or 
organic films. 

1. Inorganic low-k films 

Inorganic low-k films include FSG (k = 3.3 to 3.6), HSQ 
(k = 2.9 to 3.1), and Xerogel (k = 2.0 or less). FSG is 
already in service with Al wiring, and the process of 
etching it is similar to that for Si0 2 . Therefore, some 
device manufacturers have adopted FSG as an inter-layer 
insulating film as they start-up the processing of Cu- 
damascene with a 0.18-um rule. However, a film of SiN, 
which has a high dielectric constant, must be used as an 
etching stopper. Using FSG in the dual -damascene structure 
thus does not contribute a great decrease in the total 
effective dielectric constant. 

HSQ is being investigated as a low-k film that is 
comparatively easy to introduce. The etching rate of this 
material is lower than that of Si0 2 , and it is difficult to 
get sufficient selectivity over SiN as the stopper film. 
In addition, problems have been demonstrated in terms of 
robustness under exposure to 0 2 plasma and to heat (the 
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material's dielectric constant rapidly rises when it is 
raised to 400°C or a higher temperature) . 

Xerogel is a material with a porous structure and is 
being developed as a very low-k material, in which k = 2.0 
or less. The material is currently under development and 
this has yet to reach the stage of its application in the 
formation of wiring. In addition, there seem to be 
problems in terms of mechanical strength and 
reproducibility of film quality. 

2. Organic low-k film 

Typical organic low-k films are non-f luorocarbon 
polymers such as SiLK (k = 2.6), BCB (k = 2.6), FLARE (k = 
2.8), and PAE (k = 2.8), f luorocarbon polymers such as a-CF 
(k = 2.3 to 2.5) and Parylene-F (k = 2.3 to 2.5), and 
organic SOG (k = 2.8 to 2.9) . In terms of problems with 
organic low-k films, there are two points of focus: heat 
resistance and 0 2 -plasma resistance. 0 2 -plasma resistance 
is the more serious problem in terms of etching. 

Organic films are etched by an 0 2 -based gas. Since the 
material in an organic film is similar to photo-resist, the 
0 2 also etches the photo-resist. It is thus impossible to 
use photo-resist as a mask in the etching of an organic 
film. Films of Si0 2 or of SiN are used in such etching, as 
these provide hard masks. However, photo-resist is 
required to etch the Si0 2 film or SiN film. 0 2 plasma is 
usually applied to turn photo-resist into ash and remove 
it. If the low-k film is exposed during the removal of 
resist, it will also be etched if it is an organic film. 

In etching by 0 2 gas, the sidewalls of the low-k film 
may be etched. If a sidewall is etched away (even by a 
little) , voids appear when the barrier metal is later 
formed. As a measure against this, by low- temperature 
etching or by applying bias to a substrate, a sputtered 
mask or reaction product is attached to the sidewalls as a 
protective coating. 
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The approach of individual companies to low-k etching 

As has been described above, a new approach to the 
etching process is required for organic low-k films. The 
approaches of individual device manufacturers to organic 
low-k films are described below. 

1. Fujitsu: etching of FLARE and SiLK 

Fujitsu has reported on the use of FLARE2 . 0 (k = 2.84) 
and SiLK (k = 2.65) in forming Cu dual -damascene 
structures. Fujitsu has developed a process in which the 
conditions of etching have been optimized such that the 
photo-resist is removed at the same time as the completion 
of organic low-k etching. 

Forming the damascene structure is a flow from the 
formation of via holes to the formation of trenches (figure 
2). Firstly, a laminate of Si0 2 ( 2 ) /low-k ( 2 )'/ Si0 2 ( 1 ) /low- 
k(l) is made. Resist is then used as a mask in etching 
via-hole shapes into the Si0 2 (2). The Si0 2 (2) is then used 
as a mask in etching low-k (2) by 0 2 gas to form the via 
holes. At the same time, the photo-resist that had been 
used as a mask in etching the Si0 2 (2) is removed. 

Photo-resist is patterned for use in forming the 
trenches and this resist is used as a mask in etching the 
Si0 2 (2). At this time, low-k(2) is used as a mask in 
etching via-hole shapes into Si0 2 (l). The Si0 2 (2) is then 
used as a mask in etching ,to form trenches in low-k (2) . At 
the same time, Si0 2 (l) acts as a mask for the etching of 
via holes in low-k (1), and the trench-pattern resist is 
also removed. 

This method realizes the formation of an excellent 
dual -damascene structure with FLARE2 . 0 and SiLK. To remove 
the photo-resist while the low-k film is being etched, the 
conditions of etching are set as FLARE = 450 nm/min, SiLK = 
450 nm/min, photo-resist = 500 nm/min, Si0 2 = 10 nm/min, 
SiN = 10 nm/min, for an 0 2 flow rate of 160 seem and an 0 2 
pressure of 20 mTorr. 



- 4 - 



The thickness of the film of resist must be optimized 
for the process of removing photo-resist at the same time 
as the low-k film is etched, and the amount of over-etching 
must be minimized. Although process margins are greatly- 
reduced and the conditions of etching must be carefully- 
set, the process is an effective way to form damascene 
structures that include organic low-k materials. 

2. Sony: PAE etching 

Sony has reported on the use of N 2 gas to etch PAE (k = 
2.8). In the configuration of photo- 

resist/Si0 2 /PAE/Si0 2 (Al) , the upper film of Si0 2 is etched, 
and that film of Si0 2 film is used as a mask in etching the 
PAE. At this time, 0 2 /He and N 2 /He were applied and 
compared as etching gases. The result was that, when 
mixture of 0 2 /He gases was used, the sidewalls were etched, 
producing a bowed shape. On the other hand, when the 
mixture of N 2 /He gases was used, etching realized a 
vertical form without protection for the sidewalls. 

In this report, the substrate had a layer of Al wiring 
and plugs of W were to be formed. Degassing during the 
formation of the metal film can be suppressed by etching 
with N 2 gas. Etching with N 2 gas can be applied to Cu 
damascene and also to the etching of organic low-k films 
other than PAE. However, although etching with N 2 /He gas 
provides excellent anisotropy, the etching rate is low. 
Adding hydrogen can raise the etching rate. 

3. Hitachi: organic SOG process 

Hitachi has reported that low-pressure 0 2 -RIE 
processing is an effective way of improving the 0 2 -plasma 
resistance of organic SOG (HSG-R7, k = 2.9). This 
processing makes it possible to turn the resist into ash 
without affecting the quality of the film of organic SOG. 

When plasma is discharged in a low-pressure state, 
excited oxygen ions only oxidize the surface layer of the 
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organic SOG, thus forming an oxide film to a precise 
thickness. Since this oxide film acts as a barrier layer 
against 0 2 plasma, it provides improved resistance to 0 2 
plasma for the entire organic SOG. Low-pressure 0 2 -RIE 
processing is used to process insulating films and in 
forming Cu-damascene wiring. Burying the Cu under layers 
of Si0 2 formed over and below the organic SOG resulted in 
confirmation that there is no problem, in terms of material 
properties or of adhesion, with burying the barrier metal 
in organic SOG. 

The development of low-k processes is being delayed 

The etching of low-k films and in particular organic 
films requires new approaches to items such as the removal 
of resist and the protection of sidewalls. Dual damascene 
is a new technology for processing. Its inclusion in the 
approach makes the problems more complicated. 

It is said that the development of low-k films has been 
delayed since Cu wiring was introduced rapidly. The inter- 
layer insulating film in the introduction of Cu damascene 
was Si02 , and the introduction of low-k films was postponed 
to the next generation. In any case, one material must be 
selected from the various low-k materials; in this, not 
only etching, but also integration with other processes, 
must be taking into consideration. If the selection of a 
low-k material takes a long time, problems may occur in the 
development of the elements of processing, including 
etching. 
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Figure 2 Dual-Damascene Flow Running from the Formation 
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